Hydroxybenzoic acids are widely distributed throughout the Plant Kingdom [1] [2] [3] [4] [5] [6] [7] [8] [9] . As in the case of other phenolic compounds, including the cinnamic acids 10 , the hydroxybenzoic acids occur in combined forms from which they are released by acid or base hydrolysis 7 . Remarkably, however, there are only a few known naturally occurring derivatives [10] [11] [12] [13] [14] [15] , most of which are O-glycosides.
In some plants, the acids have also been shown to be present in an insoluble form, esterifying lignin hydroxyl groups 16 .
As the first step in a survey of the occurrence of soluble hydroxybenzoic derivatives in plants, we have fed a number of different acids to leaf discs from several angiosperms and examined the extractable products formed.
Results and Discussion
Leaf discs from a variety of plants were studied, The products obtained from each acid, as judged chromatographically, appeared to be the same regardless of the species used. Most of our work, however, has been done using leaves from Cucumis sativus.
The hydroxy acids listed in Table 1 were fed to the discs under continuous light and the products extracted with methanol. The derivatives were isolated by a combination of paper and preparative thin layer chromatography using appropriate solvents (Table 1 ). The structures of the isolated compounds followed from their chromatographic and spectroscopic behaviours (Tables 1 and 2 ).
Requests for reprints should be sent to T. SWAIN, Royal Botanic Gardens, Kew, Surrey, England. * Present address: Sarnia, Ontario, Canada. o-hydroxy group (Tables 1 and 2 ). Salicylic acid gave three compounds: the main compound, whose properties are given in the Tables, proved to be identical to gentisicacid-5-O-glucoside 17 ; the others, formed in trace amounts, appeared to be the O-glucoside and glucose ester of salicylic acid itself.
The results obtained for the ester-forming acids are not surprising since it has been shown earlier that similarly substitued hydroxycinnamic acids when fed to plants yielded mainly the corresponding glucose esters 10 ' 18 . In two cases, however, Lycopersicon esculentum 10 and Nicotiana tabacum 18 , phenolic O-glucosides were also formed. In these studies, the fate of o-coumaric acid was not investigated.
The finding that all the hydroxybenzoic acids having an ortho hydroxyl group form O-glucosides,
indicates that the hydrogen bonding between the carboxyl group and the hydroxy group prevents ester formation. It is interesting to note that tannase.
gallotannin esterase, is inhibited by o-hydroxybenzoic acids 19 and such acids tend to inhibit esterification mechanisms in animals 20 . It should also be pointed out that, as mentioned earlier, many of the naturally occurring hydroxybenzoic acid derivatives so far identified are 0-glucosides. It seems possible, therefore, that in many cases esterification may be a detoxification mechanism unrelated to normal metabolism. In this respect it is remarkable that when salicylic acid was fed to leaf discs of Gaultheria procumbens, which synthesises copious amounts of the O-primeveroside of methyl salicylate 12 , the tissue rapidly died. On the other hand, this plant could readily detoxify protocatechuic acid to the corresponding ester.
Experimental
Materials: With the exception of Gaultheria procumbens and Catalpa bignoides, leaves of which were taken from specimens growing in the Royal Botanic Gardens, Kew, plants were grown from commercial seed in John Innes compost, or in vermiculite using Hoaglands solution, in a greenhouse at 15-20°. Fully developed first and second leaves were used in all experiments, usually taken when the plants were 3 -4 weeks old.
Feeding and Extraction:
Leaf discs (1 cm diam) were cut from leaves and floated in batches of 25 (ca. 0.5 gm) on solutions of the appropriate acid (0.01M), which had been neutralised (sodium hydroxide), containing 1% sucrose. The discs were exposed to continuous light (1000 lux) at 25° for 36 hrs. The discs were gently washed with water and dropped into boiling 80% methanol (10mls/gm). The extract was decanted and the discs extracted twice more. The combined extracts were concentrated to small volume (ca. 1 ml/gm).
Chromatography:
(a) Isolation of derivatives. Derivatives were isolated by chromatography on Whatman's No. 3 paper in 7i-butanol-acetac acid water, 6:1:2 (BAW) followed by 2% acetic acid and n-butanol-1 ethanol-water 4:1 : 2 • 2 (BEW) and, where necessary, preparative TLC on cellulose (Whatman's CC41) in aqueous acetic acid (HA). The purity of each compound was judged by TLC on Schleicher and Schull microcrystalline cellulose or silica film-backed thin layer plates in the solvents given in Table 1 . The compounds were detected under short wave UV (256 nm) or by spraying with diazotized p-nitroaniline.
(b) Qualitative chromatography:
The Rf values of acids and derivatives were determined by TLC as described above in BAW, BEW, 20HA, isopropanol-nbutanol-ferf-butanol-conc. ammonia-water (IBBA) 4 : 2 : 2 : 1 : 2 and benzene-acetic acid-water, 6:7:3. The compounds were detected by examination under short and long-wave UV light, with and without ammonia, and by spraying with diazotized p-nitroaniline and \% ferric chloride.
Sugars were examined on microcrystalline cellulose TLC in ethyl acetate-pyridine-water, 6:3:2 and n-butanol-acetone-acetic-acid-water, 7 : 7 : 2 : 4 21 . Sugars were revealed using p-aminobenzoic acid or ani line phosphate.
Electrophoresis:
Electrophoresis was carried out on silica gel TLC plates using 0.01 M sodium acetate pH 5.2 at constant voltage (75v/cm) for 20 min on a cooled platten. The position of compounds was detected as above. Salicylic acid was used as a reference.
Spectroscopy: U.V. Spectra were determined, using a Unicam SP 1700 recording spectrophotometer, in 80% methanol buffered to pH 3.8, 7.0 and 12.0 using a combination of acetic acid and potassium hydroxide. Aluminium chloride spectra were determined in 5 MM solution of the salt in 80% MeOH.
Hydrolysis of Derivatives: (a) Qualitative. Purified compounds were hydrolysed at 100° for 20 min in 2 N HCl. The cooled solution was extracted with ether, and this extract used for examination of the benzoic acids. The aqueous layer was neutralised with weak base ion exchange resin ("Amberlyst" A-21) before examination of the sugars.
(b) Quantitative. Hydroxybenzoic acids were determined directly, after hydrolysis as above, in the acid solution by spectral means. Sugars were measured using the phenol-sulphuric acid reagent 22 ' 23 directly on an aliquot of the solution of the derivative.
